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ABSTRACT 
Production of Quick-Cooking Beans (Phas eolus vulgaris L. ): 
Investigations on Antinutrients and Quality 
by 
Vishalakshi G. Iyer, Master of Science 
Utah State University, 1979 
Major Professor: D. K. Sa lunkhe 
Department: Nutrition and Food Sciences 
Three bean varieties, namely, great northern, kidney, and pinto 
(Phaseolus vulgari s L. ), we re subjected to several physico-chemical 
X 
treatments to reduce their cooking time . Soaking in a combination of 
salt solutions (sodium chloride, 2.5 percent+ sodium bicarbonate, 
1.5 percent+ sodium tripolyphosphate, 1.0 percent+ so dium carbonate, 
0. 5 percent) resulted in 80-85 percent reduction in cooking time. 
Irradiation (Y-rays) at 500 Krads of soaked and dehydrated beans 
caused nearly 50 percent reduction in cooking time. High temperatures 
(37 and 45 °C) and pH (9 . 0) caused greater water imbibation and total 
solids loss than room temperature (22 °C) and pH 7.0 . Organoleptic 
evaluation of beans revealed that quick-cooking cooked great northern 
beans were more acceptable than kidney and pinto beans. 
Effects of treatments on phytate-P, trypsin and chymotrypsin 
inhibitors, flatulence factors, proteins, phenolic compounds, and 
in vi t ro digestibility of proteins in quick-cooking beans were evalu-
ated and compared with thei r conventionally processed counterparts. 
Beans soaked in distilled water had lower amounts of phytate-P than 
xi 
those soaked in salt solutions . Leaching losses of oligosaccharides 
were nearly the same in the different treatments for all the beans 
except kidney beans . Stachyose was found to be the major contributor 
to flatulence in these beans . The treated beans had significantly 
reduced trypsin and chymotrypsin inhibiting activities. Quick-cooking 
cooked beans had higher in vitro protein digestibility than con-
ventionally cooked beans . Phenolic contents were found to be in-
versely related to in vitro digestibility . 
(90 pages) 
INTRODUCTION 
A world-wide stable supply of nutritionally balanced food is of 
fundamental importance . It is estimated that over 460 million people 
in the world today are unde r and/or malnourished . Proteins, in par-
ticular, are of primary concern in this context . Legumes serve as 
the main source of dietary protein in many parts of the world . They 
complement cereals in te rms of amino acid balance . On an average, 
legumes contain 20-40 percent protein on a dry weight basis, and 
provide about 350 calories pe r 100 gm of food energy . Legumes also 
serve as important sources of minerals such as calcium, magnesium, 
iron, and potassium, Legume proteins are 5 to 10 times less costly 
than animal proteins . 
In the United States the bean, Phaseo Zus vulgari s L, , is an im-
portant food crop in view of economics and nutrition . In 1975, the 
total U. S. dry bean crop was harvested from 1. 5 million acres of land 
and generated $400,000,000 of farm income , This amounts to over 
$2,000,000,000 at the consumer level . The western states contribute 
about 40 percent of the UoS. crop of dry beans . About 30 percent of 
the processed beans and all of the seeds of dry beans and green beans 
for the U. S. are produced in the west . 
Under-utilization of legumes can be attributed to two factors: 
(a) inconvenient processing (prolonged soaking and cooking) required 
prior to consumption, and (b) the inherent presence of several anti-
nutrients such as trypsin inhibitors, phytohemagglutinins, phytic 
acid, etc . In addition to these, a defi ci ency in sulfur-containing 
amino acids reduces the protein quality and bioavailability . 
Although trypsin inhibitors comprise only 2. 5 percent of the 
total bean proteins, they contribute 30-40 percent of the total 
2 
cystine content (Kakade, 1974) . The nutritional significance of these 
inhibitors is often obscured by the existence of other antinutrients in 
beans. About 40 percent of improvement in utilization of processed 
beans is attributed to inactivation of these inhibitors (Liener, 1976) . 
Oligosaccharides in beans cause flatulence which is a factor of 
social significance and physical discomfort. The raffinose family 
of oligosaccharides, including stachyose and verbascose, occurs in 
beans at levels that cause flatus. These oligosaccharides bypass 
digestion due to the lack of the enzyme alpha-galactosidase in humans. 
Consequently, the bacteria i n the intestinal tract metabolize t hem 
to yield carbon dioxide, hydrogen, and methane (Wagner et al . , 1977). 
The presence of phytic acid in beans has been investigated 
(McCarthy et al., 1977). Phytic acid is myoinositol hexaphosphate. 
It interferes with mineral nutrition when it comprises 1 percent or 
more of the diet . Therefore, mineral bioavailability from foods 
containing phytic acid is of concern . 
The cooking quality of beans depends on several factors such as 
growing conditions, chemical composition (e . g., mineral content), 
phytic acid level, and storage and handling . Conventional prepara-
tion of beans is less competent with convenience foods in terms of 
time and fuel economy . In addit i on, the nutritive value is reduced 
due to the prolonged cooking time prior to consumption. A reduction 
in cooking time could result in substantial savings of energy. This 
energy savings is of value, particularly in the developing countries 
where beans are primary sources of proteins in the daily diet and an 
inadequate supply of fuel prevails. There exists a need for a process 
which would render the beans quick-cooking, and of acceptable color, 
flavor, and texture , 
In view of the above, the present study was undertaken with the 
following objectives: 
1. Development of quick-cooking beans . 
2. Investigation of the effects of quick-cooking processes on 
antinutrients: phytates , oligosaccharides. tannins, and trypsin, 
chymotrypsin inhibitors. 
3 
3. Evaluation of the processing effects on in vitro digestibility 
of proteins and the organoleptic quality of beans . 
REVIEW OF LITERATURE 
Legumes are rich sources of proteins. On an average, they con-
tain 20-40 percent proteins on a dry weight basis , They are more 
economical than animal prote ins , As a vegetable food, legumes pro-
vide minerals, vitamins, and carbohydrates . They are good sources 
of iron, calcium, magnesium , phosphorus, and B vitamins (Rockland 
et al., 1977; McCarthy et al . , 1977). 
Produc tion of Quick-Cooking Beans 
One of the major factors in under-utilization of beans in the 
developed countries is the prolonged cooking requirements of beans 
prior to consumption . The time required for cooking is a function of 
several factors, such as moisture content, extended storage, and high 
temperature during stor age , all of which increase the cooking time 
(Burr et al , , 1968; Kon, 1968) . Lipid content is not a determinant 
of cooking time of dry beans (Takayama et al . , 1965) . Meiners et al , 
(1976) have studied 10 different legumes for weight/volume relation-
ship of dry and cooked legumes and their proximate composition, Tem-
perature dependence of the cooking rate of legumes has been investi-
gated (Quast and Da Silva, 1977). 
In order to reduce the cooking time of legumes, different workers 
have used several treatments . The mechanism of cooking is not fully 
understood . However, a number of parameters, such as water inhibition, 
pH of the soak solution, cell separation, and release of divalent 
4 
cations (Ca++, and Mg++) from the middle lamellae have been shown to 
be important (Rockland et al . , 1977; Narasimha et al , , 1978; Nord-
strom et al., 1977; Rockland and Jones, 1974). Kumar et al. (1978) 
observed that cooking time was significantly reduced by germination 
of chick pea seeds, while an inverse effect was observed in green 
gram and cow pea seeds . ++ They also reported that Ca content was re-
duced in the three legumes investigated, on germination and cooking, 
while Mg++ content was relatively unaltered . They proposed a PCMP 
(combined effect of chemical parameters - free pectin+ (Ca++ + 
~ Mg++) - phytins) number that correlated with cooking behavior of 
the legumes. Wassimi et al . (1978) studied the influence of minerals 
on cooking quality of lentils. They inferred that cooking quality 
was significantly influenced by minerals. High concentrations of 
potassium allowed faster cooking of lentils . Combinations of high 
content of potassium and sodium were associated with good cooking 
quality. They also concluded that the relation between phytic acid 
and cooking quality was inconsistent. 
Subjective evaluation for the 11 doneness 11 of cooked beans has 
limitations . Several investigations have been aimed at quantifying 
the optimum texture in terms of shear strength . Shear values gen-
erally employed for this pu rpose were found to be reliable quality 
attributes (Quenzer et al ., 1978) . Shear values have also been used 
to determine the maturity of peas and beans u~alcom et al.' 1956). 
Quick-cooking processes 
Many researchers have reported preparations of quick-cooking 
beans with different approa ches such as pressure cooking (Subbarao 
5 
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et al . , 1964), addition of chemicals to cooking water (Mattson, 1956), 
or soaking beans in solutions of chemicals (Rockland and Metzler, 
1967). Removal of testa and splitting into cotyledons has also been 
shown to reduce cooking time (Subbarao et al., 1964). Application of 
chemical coatings on legumes to reduce cooking time has been reported 
by Narashimha and Desikachar (1978). Rockland et al . (1967) employed 
a combination of chemicals such as sodium chloride, sodium poly-
phosphates, sodium bicarbonate, and sodium carbonate in soak solutions . 
Narasimha and Desikachar (1978) used ammonium carbonate, sodium 
phosphate, sodium carbonate, sodium bicarbonate, sodium chloride, and 
combinations thereof, to coat the legumes . They found that the mere 
addition of these chemicals to cooking water was not as effective in 
reducing the cooking time as were coating of chemicals and drying of 
cotyledons prior to cooking . They also reported that the addition of 
these chemicals to the cooking water increased the pH in cooked 
products, imparting undesirable alkaline taste . The role of acidic 
pH during soaking has been investigated (Pina and Luh, 1975) . It 
was found that acidity reduced the rate of water absorption and in-
hibited swelling of starch and proteins. Rockland et al . (1974) 
attributed differences in rate of cooking of beans to the rate at 
which the cell separation occurred. They proposed that removal of 
calcium and magnesium from metal-pectin complexes of middle lamellae 
and the subsequent cell separation was directly related to cooking 
time . Marston and DeOmana (1979) suggested study of the mechanism 





A major portion of the phosphorus in beans is present as phytate-
phosphorus. Phytate is a complex sale of Ca++ and Mg++ and myoinositol . 
Mattson (1946) reported that the cooking quality of beans may be re-
lated to the ratio of monovalent to divalent ions and phytin content , 
In mature dry beans, phytate-P content varies from as low as 37 per-
cent (Kumar et al . , 1978) to as high as 79 percent (Reddy et al . , 
1978) on a total phosphorus basis . Lolas and Markakis (1975) found 
that 99.6 percent of phytate-P was present as water-soluble forms . 
Phytate complexes with divalent and trivalent cations (Zn++, Ca++, 
Mg++, Fe++, and Fe+++) fo rm1' ng · 1 1 d 1 bl h 1nso ub e compoun s. So u e p ytates 
in the diet can form insoluble salts leading to decreased absorption 
of the minerals. Interference by phytates on mineral bioavailability 
has been reported (McCarthy et al . , 1977) . 
The leaching of minerals into cooking water is known to occur. 
Meiners et al . (1976) studied several legumes in this respect and 
found that the mineral content in cooked legumes was about one-third 
to one-half of that in raw legumes. They found that magnesium, 
phosphorus, and potassium were in relatively higher amounts in cook 
water than calcium, copper, iron, manganese, sodium, and zinc . Reddy 
et al . (1978) studied changes in minerals during cooking and germina-
tion of black gram Phaseolus mungo . They found that mineral loss was 
high when short cooking time was employed. However, prolonged cook-
ing caused negligible loss of minerals after initial leaching, due 
to reabsorption of minerals from the cooking water. They reported 
that 45 minutes of cooking did not cause a breakdown in phytate-
phosphorus . Similar observations were made by Kumar et al . (1978) on 
the phytate-P/total P rat io in cow pea (Vi gna sinensis), green gram 
(Phaseolus aureus), and ch ick pea (Cicer arietinum ) , 
Tannins 
Tannins are polyphenolic compounds which form insoluble complexes 
with proteins (Swain, 1965) . Interactions of tannins with proteins 
reduce both in vitro and in vivo digestibility of proteins (Chavan et 
al . , 1979; Romero and Ryan, 1978) . Evaluation of the effects of tan-
nins on in vitro protein digestibility is difficult, as it depends 
partially upon the method of protein extraction (Romero and Ryan, 
1978) . 
Oligosaccharides 
The presence of the raffinose family of oligosaccharides in 
legumes is an important factor in the acceptability of legumes , The 
involvement of the raffinose family of sugars in flatulence is known 
(Christofaro et al . , 1974; Rackis, 1975) . In vivo and in vitro studies 
by several workers led to the conclusion that these oligosaccharides 
are res ponsible for producing flatus . Gases produced predominantly 
are carbon dioxide and hyd rogen, and to a lesser extent, methane. 
The micro-organisms responsible for the flatus were identified as 
Clostridium perfringens (Steggreda and Dimmick, 1967) . Recently, 
Wagner et al , (1977) have studied flatulence by using different diets 
in humans and rats , They found a significant correlation between 
hydrogen production by rat and human breath hydrogen , They suggested 
8 
that measurement of hydrogen production in rats has potentia l for a 
predictive bioassay for flatulence in man , With the exception of 
raffinose, stachyose, and verbascose, identification of the flatus 
factors is incomplete . Recently, another oligosaccharide, galacto-
pinitol, was reported to be an additional factor in flatulence 
associated with legumes (Schweizer et al ., 1978). 
Information on the effects of cooking on oligosaccharides is 
scanty. However, conflicting reports exist . Rao and Belavady (1978) 
found an increase in oligosaccharide levels on cooking . They ex-
plained this increase as possible occurrence of oligosaccharides of 
high molecular weight bound to proteins and subsequent release of 
them during cooking . Contrary to this, Iyengar and Kulkarni (1977) 
found a decrease in oligosacchar ide levels to the extent of 68-71 
percent, and reported this decrease as partly due to leaching . 
Trypsin and chymotrypsin inhibitors 
The occurrence of protease inhibitors in plants has been known 
since 1938 (Vogel, 1968) . They are reported to have molecular weights 
ranging from 4,000 to 80,000 daltons (Richardson, 1976) . Many of the 
apparently large molecular weight inhibitors are polymeric, whose 
protomers have molecular weights of less than 10,000 daltons (Saheki 
et al . , 1974). Postulated roles for protease inhibitors are to: 
(a) act as storage proteins, (b) regulate endogenous proteases and 
hence control the protein turnover and metabolism, and (c) act as 
protective agents against insect and microbial proteases (Hwang et 
al., 1978) . Invariably, the inhibitory sites of these proteins are 
found to be located within a loop of peptide and closed by a disulfide 
9 
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bridge (Richardson, 1976) . Some legume inhibitors show double headed-
ness which binds two moles of the respective enzyme per mole of the 
inhibitor (Odani et al., 1977) . 
Two theories are proposed for the mechanism and strength of 
protein-protein binding between the inhibitor and the enzyme. Laskow-
ski and Sealock (1971) believe that a covalent acyl-enzyme interme-
diate is formed between the inhibitor and the hydroxyl group of the 
serine residue at the active site of the enzyme. Recent X-ray crystal-
lographic studies have confirmed the spatial arrangement of the com-
plex to be a tetrahedron approaching a covalent bond (Sweet et al., 
1974). The mechanism of action of trypsin inhibitors in mammals has 
been explained by feedback inhibition (Green et al., 1972). Nutri-
tional significance of these inhibitors with respect to growth 
depression, pancreatic hypertrophy, and excessive enzyme secretion has 
been studied extensively in mammals (Liener, 1976). Liener attributed 
40 percent of the decrease in protein efficiency ratio to the presence 
of these inhibitors, while Boonvisut and Whitaker (1976) reported 
evidence of enzyme resistant peptides in legumes. Such factors may 
be significant in growth depression not accounted for by these inhib-
itors. 
Cooking Processes and Nutritional Quality 
Several workers have studied the contribution of cooking towards 
nutritional improvement of beans. Evans and Bauer (1978) found that 
growing rats did not absorb 50 percent of methionine and 41 percent of 
cystine when fed with autoclaved beans. Supplementation with synthetic 
ll 
methionine, however, showed complete utilization . In addition, meth-
ionine and cystine in wate r extracts of raw beans were poorly utilized . 
Elias et al. (1776) have studied the nutritive value of precooked 
legume flours by several methods. They found that trypsin inhibitory 
activity was higher in grou nd, cooked, legume flours, than whole 
cooked beans . The inefficient protein utilization was attributed to 
lysine destruction and insufficient heat transfer during cooking . 
Antunes and Sgarbieri (1975) found that 7.5, 15, and 25 minutes in 
boiling water was necessary for total destruction of trypsin inhibi-
tory activity in cotyledons soaked in water for 12 hours, whole beans 
soaked in water for 12 hours, and dry beans, respectively, for soybeans. 
They found no correlation between trypsin inhibitor activities and 
PER (protein efficiency ratio) values. Liener (1976), however, 
attributed increased protein utilization to destruction of trypsin in-
hibitors . Nene et al. (1975) found that trypsin inhibitors in red 
gram (Cajanus cajan) we re resistant towards heat and irradiation up to 
3 megarads. They reported that susceptibility to heat and irradiation 
coincided . Resistance towards heat, germination, and fermentation of 
black gram (PhaseoZus mungo) has been observed in our laboratory 
(Padhye, 1979) . 
As evidenced, additional information is needed regarding the 
heretofore discussed aspects, as the current knowledge is meager . 
MATERIALS AND METHODS 
Three varieties of beans (PhaseoZus vulgaris L.), namely, Great 
Northern, Kidney, and Pinto, were employed in this study . Beans were 
purchased from Bean Growers• Warehouse, Twin Falls, Idaho, and stored 
at 4°C until the experiments were conducted . 
Production of Quick-Cooking Beans 
Blanching 
Beans were blanched in boiling distilled water for 5 minutes to 
facilitate hydration and loosen the seed coat . 
Soaking 
Blanched beans were soaked for 0-24 hours in different soak so-
lutions. The soak solutions were 2. 5 percent sodium chloride, 1 per-
cent sodium tripolyphosphate, 1. 5 percent sodium bicarbonate, and 0. 5 
percent sodium carbonate (all percentages w/v), and a combination of 
the above salt solutions at temperatures of 22, 37, and 45 °C at pH 
values 7.0 and 9. 0. Food acidulants, citric, malic, and tartaric, at 
concentrations of 0. 1 percent, 0.5 percent, and 1. 0 percent (w/v) were 
employed . The bean:soak solution ratio was maintained at 1:3 (w/v) . 
The soaked beans were rinsed with distilled water and portions were 





Soaked beans were dehydrated in conventional tray driers to a 
final moisture content of 10-12 percent . An air velocity of 14 meters / 
minute and a temperature not greater than 55°C was maintained during 
drying . 
Ionizing radiation 
Processed beans were subjected to gamma-irradiation. The source 
Jf radiation, cs 137 (American Nuclear Corporation, Oakridge, Tennessee) 
~as set to emit a constant gamma-radiation flux of 20 Krads over a 
76 X 76 X 25 em chamber . Beans were irradiated at room (22 °C) temper-
ature employing doses of 0, 100, 250, and 500 Krads at the rate of 12 
(rads per hour . 
Physico- Chemical Analyses 
Noisture 
Moisture content of the samples was estimated by the A. O. A. C. 
(1975) method. 
Proteins 
Proteins were determined by Lowry•s (1951) method . One g of 
bean meal was extracted with 25 ml of 0. 5 percent sodium chloride, with 
mechanical shaking (6 h) and centrifugation (5,000 X g, 15 minutes) . 
SJpernatants were analyzed for protein content . 
Water uptake 
The amount of water imbibed during soaking was determined at in-
tervals of 6, 12, 18, and 24 hours by weight gain . 
Changes in pH of soak solution during soaking were recorded by 
using the Beckman model Expandometric pH Meter , 
Leaching losses 
Total solids leached during soaking were determined by drying 
aliquots of homogenous soak solution to constant weight . 
Color 
14 
A Hunter Color and Co lor Difference Meter was used to measure 
changes in color of seed coats after processing . Values were expressed 
in terms of L, a, and b, where L = lightness; a= red when posit ive, 
gray when zero, and green when negative; and b = yellow when positive, 
gray when zero, and blue when negative (Figure 1). 
Texture 
Tenderness or 11 doneness 11 of beans was determined using a Warner 
Bratzler shear press and the obse rvations were expressed as average 
pound force/bean (Figure 2). 
Phytates 
The modified method of Wheeler and Ferrel (1971) was employed . 
Beans were ground in a Udy mill to 60 mesh . One to 2 g meal were 
weighed and extracted with 50 ml of 3 percent (w/v) tricholoroacetic 
acid (TCA) solution for one and one-half hours with mechanical shaking. 
The slurry obtained was centrifuged at 5,000 X g for 15 minutes . Ten 
ml of supernatant were transferred to 40 ml glass centrifuge tubes and 
4 ml of ferric chloride solution (containing 2 mg Fe+++ per ml in 3 




Figure l. Interpretation of Hunter color values, "L," "a," and "b . " 
L = 10.0-{Y 
17.5C1.02X- Yl a=------
-{Y 
b = 7.0CY- 0.847Z) 
-{Y 
Figure 2. Warner Bratzler shear press. 
percent TCA) were added to each tube rapidly blowing from the pipet , 
The tubes were then heated in a boiling water bath for 45-60 minutes . 
If the supernatants were not clear in half an hour, a few drops of 3 
percent (w/v) sodium sulfate in 3 percent TCA were added and heating 
was continued . Samples were then cooled to room temperature (22 °C) 
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and centrifuged at 5,000 X g for 15 minutes , The supernatants were 
discarded . The precipitate {ferric phytate) was washed twice with 
20-25 ml portions of 3 percent TCA in boiling water bath followed by 
centrifugation for 15 minut es . The conversion of ferric phytate to 
ferric hydroxide was done by Makower's (1970) procedure . The pre-
cipitate (ferric phytate) was dispersed in 0.5 ml of 0. 6 N sodium 
hydroxide and heated in a boiling water bath for 50 minutes to convert 
ferric phytate to ferric hyd roxide . The samples were then centrifuged 
at 5,000 X g for 15 minutes and the supernatants discarded . The pre-
cipitate so obtained was washed with distilled water and then dissolved 
in 0, 5 ml of 0.5 N hydrochloric acid in a boiling water bath for 15 
minutes. The solutions were then transferred quantitatively to 100 
ml volumetric flasks and made to volume with 0. 1 N hydrochloric acid . 
The Fe+++ ion concentration was determined by the A.O. A. C. (1975) 
method . One ml aliquots of the diluted samples were transferred to 
25 ml volumetric flasks . To these, 1 ml of hydroxylamine hydrochloride, 
5 ml of sodium acetate buffer (pH 4. 4), and 1 ml of ortho-phenanthroline 
were added , They were then made to 25 ml volume with distilled water . 
The absorbance was measured at 516 nm using a Beckman DB-G spectro-
photometer. 
Tannins 
Two hundred mg bean meal (60 mesh) were extracted with 25 ml of 
absolute methanol for 24 hours at room (22°C) temperature and cen-
trifuged at 5,000 X g for 15 minutes. Aliquots of supernatants were 
assayed for tannin content according to the method of Burns (1963) 
and expressed as phloroglucinol equivalents , 
Oligosaccharides 
Paper chromatography was employed to determine the oligosacchar-
ides in the bean samples . Five to 6 gm of bean meal (60 mesh) were 
extracted five times with 80 percent (w/v) ethanol at 80°C in a con-
stant temperature water bath , The slurries were intermittantly mixed 
during the extraction period of 1 hour. The slurries were centrifuged 
at 5,000 X g for 15 minutes. The supernatants from each extraction 
were pooled . The proteins were precipitated with 10 percent (w/v) 
aqueous lead acetate. The excess acetate was removed by the addition 
of potassium oxalate followed by heating in an 80°C water bath for 10 
minutes. The samples were again centrifuged similarly and the super-
natants concentrated to a final volume of 25 ml in an 80°C bath. Fifty 
microliters of this concentrate were spotted on Whatman number 1 
chromatography paper . 
The spots were chromatographed in a descending manner for 80 
hours. A mixture of standards containing sucrose, raffinose, stachy-
ose, and verbascose was run simultaneously with the unknowns , The 
top layer from a mixture of n-Butanol, acetic acid, and water (4:1:5 
v/v/v, respectively) was employed as solvent system while, the bottom 
layer, for equilibrating the chromatographic chamber prior to the run . 
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After 80 hours, the papers we re dried overnight at room temperature 
(22°C) . A mixture of aniline-oxalic acid was the spray reagent (200 
ml of 95 percent ethanol, 4 ml of aniline, and 140 ml of 0. 2 M oxalic 
acid) . Spots were developed by heating the papers in an oven at 22l °C 
for 10-15 minutes. Individual spots were eluted with 12 ml of dis-
tilled water for 48 hours and analyzed for sugar content by phenol-
sulfuric acid method (Dubois et al . , 1956) . 
Trypsin and chymotrypsin inhibitors 
Following are the sources of chemicals required for the assay: 
Trypsin and substrate, p-tosyl-L-arginine methyl ester (TAME) from 
Sigma Chemical Company, St . Louis, Missouri; Alpha-chymotrypsin from 
P. L. Biochemicals, Milwaukee, Wi sconsin; and Benzoyl-L-tyrosine ethyl 
ester from Aldrich Chemical Company, Milwaukee, Wisconsin . 
One g bean meal (60 mesh) was blended with 15 ml of 0. 05 N 
hydrochloric acid for 2 minutes in a Sorvall Omni mixer and extracted 
with mechanical shaking for 1 hour . The slurry was then centrifuged 
at 5,000 X g for 15 minutes . Three ml of 30 percent TCA were added 
to the supernatant and recentrifuged. The supernatant was then neu-
tralized with sodium hyd roxide to pH 8. 0 and made up to 25 ml . The 
enzyme inhibitory activity was determined as outlined by Decker (1977) . 
Trypsin assay 
To 2. 3 ml of 0. 05 M Tris-HCl (pH 8. 1) containing 0. 01 M calcium 
chloride, 0.1 ml of 0. 01 M p-tosyl-L-arginine methyl ester (TAME) was 
added and mixed . Then 0. 1 ml of trypsin (10 mg percent, containing 
0.01 M calcium chloride) was added, mixed immediately, and change in 
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absorbance was recorded on a Beckman Model DB-G Spectrophotometer at 
247 nm and an automatic recording unit . 
Trypsin inhibitor assay 
One ml of trypsin inhibitor containing solution in 0. 05 M Tris-
HCl containing 0. 01 M calcium chloride (pH 8. 1) was added to 1 ml of 
the enzyme and equilibrated for 2-3 minutes . To a cuvette containing 
2.2 ml of Tris-HCl buffer and 0. 1 ml of 0. 01 M TAME was added 0. 2 ml 
of this mixture . Change in absorbance was immediately recorded at 
247 nm . 
Chymotrypsin assay 
To 1.5 ml of 0.08 M Tris-HCl buffer containing 0. 01 M calcium 
chloride (pH 7.8), 1. 4 ml of 0. 00107 r~ Benzoyl-L-tyrosine ethyl ester 
(BTEE) was added and mixed . Change in absorbance at 256 nm was re-
corded immediately after the addition of 0.1 ml of enzyme chymo-
trypsin (10 mg percent, containing 0. 01 M calcium chloride). 
Chymotrypsin inhibitor assay 
One ml of chymotrypsin inhibitor containing solution was mixed 
with 1 ml of the enzyme . After equilibration for 2-3 minutes. 0. 2 ml 
was pipetted out of the mixture and added to a cuvette containing 1. 4 
ml of the buffer and 1. 4 ml of BTEE. Change in absorbance was re-
corded at 256 nm . 
In vitro Digestibility 
The procedure followed was according to that of (modified) 
Romero and Ryan ( 1978) . Pepsin, trypsin, and chymotrypsin enzymes 
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were obtained from the sources mentioned before . Trinitrobenzene 
sulfonic acid (TNBS) was purchased from Sigma Chemical Company, St . 
Louis, Missouri. Bean meal (0 . 5 g) (60 mesh) was blended in a Sorval l 
Omni mixer with 25 ml 0. 5 M sodium chloride for 15 minutes . An equal 
volume of 0. 08 M hydrochlo r ic acid in 0. 5 M sodium chloride was added 
to the slurry to adjust the pH to 1.5, the optimum for pepsin . The 
slurry was maintained at 37°C in a constant temperature water bath . 
Pepsin (1 mg/ml, containing 100 mM calcium chloride) was added to 
the slurry, keeping the enzyme:protein ratio to 1:10. The slurry was 
digested at 37°C for 4 hours . Then to each digest, 0. 08 M sodium 
barbital (pH 8, 6) buffer was added and the pH was adjusted to run 
the subsequent digestion with trypsin and chymotrypsin . A mixture 
of equal volume of enzyme trypsin and chymotrypsin (1 mg/ml, con-
taining 100 mM calcium chloride) was added to the slurry maintained 
at 37°C. The enzyme:subst rate ratio was maintained at 1:10. The 
digestion was carried out at 37°C for 4 hours . The slurry was then 
heated in a boiling water bath to arrest the enzyme reaction, and made 
to a volume of 100 ml with di stilled water . Aliquots of this digest 
were used for electrophoresis and trinitrobenzene sulfonic acid (TNBS) 
assay according to a modified Field ' s (1972) procedure . 
Trinitrobenzene sulfonic acid (TNBS) assay 
The enzyme digests were centrifuged at 5,000 X g for 15 minutes . 
To an aliquot of the supernatant, 0. 1 M borate buffer (pH 9. 5) was 
added to make the volume to 1 ml . To this was added 20 ~1 of TNBS 
(100 mg/0.2 ml distilled water) and mixed thoroughly . After 30 
minutes incubation period at room temperature (22°C), the reaction 
was stopped by the addition of 2.0 ml of 0. l M monobasic sodium 
phosphate containing 1. 5 mM sodium sulfite . The optical density was 
read at 420 nm in a Beckman DB-G Spectrophotometer . A blank was pre-
pared using 0. 5 M sodium chloride . Controls were run simultaneously 
containing the enzyme mixtu re alone, and the sample alone . The net 
optical density was calculated by subtracting the values of the two 
controls from those of the samples . Calculations of percent peptide 
hydrolysis were performed by taking the ratio of the number of new 
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a amino groups in the diges t ion mixture to the total number of peptide 
bonds in the protein . The number of new amino groups was calculated 
using 22,000 as the molar extinction coefficient for the TNP-a amino 
groups at 420 nm. The tota l number of peptide bonds in the protein 
was calculated by dividing gm of protein in the digest by 113, the 
average molecular weight of amino acids . 
Electrophoresis 
Following are the sources of the chemicals: Acrylamide; N,N •-
methylene bis-acrylamide (BIS); N,N,N 1 ,N•-tetra methylene ethylene 
diamine (TEMED); Amido black, and Coomassie Brilliant Blue from 
Eastman Kodak Company, Rochester, New York; urea (ultra pure) from 
Schwartz/Mann, Orangeburg, New York . The electrophoresis procedure 
followed was that of Catsimpoolas et al . (1968) . The solvent system 
was phenol-acetic acid-mercaptoethanol-urea (PAMU) . The samples were 
electrophoresed for four and one-half and nine hours at 2. 5 rnA per 
gel, for 5 em and 12 em long tube gels, respectively. 
Sensory Evaluation 
Taste panel evaluations were made on quick- cooking and conven-
tionally cooked beans . The panel consisted of 15 judges . Parameters 
tested were overall appearance, color, flavor, and texture . The 
scores were expressed on a hedonic scale (9 =extremely like and = 
extremely dislike) (Amerine et al . , 1965) . 
Statistical Analyses 
All analyses were pe r fo rmed in triplicate . Mean and standa rd 
deviations were calculated . Analysis of variance was performed, and 
Fisher•s L.S . D. test was employed to evaluate the significance be-
tween treatment means (Ott , 1977) . 
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RESULTS AND DISCUSSION 
A process was developed to reduce the cooking time of dry beans 
(Phaseolus vulgaris L. ) and associated physico-chemical changes were 
investigated . Organoleptic and nutritional quality attributes of 
quick-cooking cooked and conventionally processed counterparts were 
compared . 
Production of Quick-Cooking Beans 
Hydration and leaching losses 
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High temperatures (37 and 45 °C) and pH (9.0) caused greater water 
imbibation and total solids loss than at room temperature (22°C) . All 
figures for hydration and leaching losses are for bean samples treated 
at pH 7.0 in a combination of salt solutions (composition previously 
stated). The initial rate of water absorption and solids lost was 
high, but after a period of 10 hours, both decreased gradually 
(Figures 3, 4, 5, 6, 7, 8) . This may be because hydration is a com-
plex process of diffusion and swelling. The extent of solids lost 
during soaking is influenced by two major factors, namely: (a) the 
concentration gradient (difference in chemical potential) which governs 
the rate of diffusion, and (b) the physical barriers present in the 
form of the cotyledon cell wall and seed coat , Blanching results in 
swelling, loosening, and cracking of the seed coat which facilitates 
diffusion of water . The high temperatures and pH of the soak solu-
tion increase the permeability of the barriers, thus enhancing th~ 
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Figure 7. Leaching losses during soaking of pinto beans at 22, 37, 
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and carbohydrates (Mattson , 1946). In the present study, moisture 
content at the end of the soaking period (18 hours) was 54-59 percent . 
Similar observations were made by Nordstrom and Sistrunk (1977). 
Soaking in 0. 1 percent, 0. 5 percent, and 1.0 percent each of citric, 
malic, and tartaric acids resulted in lesser water imbibation than 
soaking in salt solutions and distilled water . Soaking in 1.0 per-
cent acid solutions caused toughening of seed coats . This may be 
due to denaturation of seed coat proteins resulting in shrinkage of 
native structure, thus reducing the water imbibation . 
Cooking and shear values 
The 11 doneness 11 of processed cooked beans was evaluated by shear 
values . The results are shown in Figures 9, 10, ll, 12, 13, and 14. 
Soaking in combinations of salt solutions (composition previously 
stated) resulted in 80-85 percent reduction in cooking time as com-
pared to soaking in distilled water. The effectiveness of soaking 
in salt solutions has also been demonstrated by Rockland and Metzler 
(1967). Our results concur with their findings . Irradiation (r-rays 
at 500 Krads) of soaked and dehydrated beans caused nearly 50 percent 
reduction in cooking time in comparison with the corresponding 
controls. This may be attributed to improved protein solubilization . 
This concurs with the observations of Nene et al. (1975). Electro-
phoretic patterns (Figure 13) of irradiated beans also support this . 
Beans soaked in salt solutions showed a greater number of electro-
phoretic bands when compared to those soaked in distilled water . The 
solubilizing effect of salts and irradiation was found to be maximum 
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Effects of soaking in different salt solutions on cookability 
of great northern beans . (asodium chloride (2.5 percent) + 
sodium bicarbonate (1.5 percent)+ sodium tripolyphos phate 
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Figure 15. Electrophoretic patterns of processed great northern, 
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of interactions between the pH of soak solution and the salt(s) used 
were similar to those of Rizley and Sistrunk (1979) . 
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Salts cause removal of insoluble, intervellular cement of Ca++ 
and/or t1g++_pectinate by ion exchange and diffusion processes 
(Marston and De Omana, 1979) . They facilitate in increasing protein 
solubilization due to breakdown of hydrophobic interactions of bean 
globular proteins . Nene et al . (1975) reported that irradi ation 
causes changes in secondary and tertiary structures of proteins which 
include polymerization, condensation, breakage of hydrogen bonds , 
hydrophobic interactions, and intermolecular S-s bridges . Diehl et 
al . (1978) studied irradiat ion-induced aggregation of proteins and 
found that the presence of an equal amount of carbohydrates resulted 
in a large reduction in aggregation by competing for OH · radi cals . 
Contra ry to the substantial reduction in cooking time previously 
reported in irradiated green beans by Schroeder (1964), we found only 
a 50 percent reduction in cooking time. 
Losses in protein content on soaking and cooking are represented 
in Table 1. Kidney beans showed maximum (14 . 6 percent) loss of pro-
teins after conventional processing . Greater leaching losses of 
proteins in kidney beans over great northern and pinto beans may be 
due to disintegration and splitting of beans during cooking . This 
may be due to lower mechanical strength of kidney bean seed coat than 
those of great northern and pinto beans . Similar protein losses in 
cooked beans were reported by Meiners et al . (1976). 
Table 1. Protein contenta of processed great northern, kidney, and pinto beans 
Sample Great northern Kidnei Pinto mg/g Bean % Loss mg/g Bean % [oss mg7g Bean % Loss 
Control (dry beans) 125 . 0 ± 6. 1 129.5 ± 3.7 122.0 ± 5. 9 
Soaked beansb 123.1 ± 3.2 1.6 128.0 ± 2.4 1.2 121 . 0 ± 1.8 0. 8 
Soaked beansc 122 . 0 ± 5.4 2. 4 126 . 0 ± 1.9 2.7 119 . 5 ± 6. 8 2. 0 
Conventionally cooked 
(90 minutes) 110.0** ± 2.8 11.9 110 . 5** ± 4. 4 14. 7 105 . 4** ± 4. 6 13.6 
Quick-cooking cooked 
(15 minutes) 117 . 5 4. 1 6.0 119. 1 ** 3.7 10 . 4 112. 2** 4.7 8.0 
---------------------------------------------------------------------------------------------------------
LSD 0.05* 8. 19 6. 09 9.18 
0.01** 11 . 64 8.67 13.01 
* Significant at 5 percent level . 
**Significant at 1 percent level . 
~Mean ±S . D. estimated by Lowry •s method (1951) and expressed on a moisture-free bas i s . 
Soaked in distilled water for 18 hours at 22 °C. 
cSoaked in a combination of sodium ch l oride (2 . 5 percent) + sodium carbonate (0 . 5 percent ) + sodium 






The results of phytate-P analyses are shown in Table 2o Beans 
soaked in distilled water showed lower amounts of phytate-P than those 
soaked in salt solutions . This may be because of the following factors. 
The extractability and hydrolysis of phytate from a biological system 
containing proteins depend on its chemical environment; i . e. , type 
of cations, ionic strength, nature of proteins, and the pH of the 
solvent. The blanching treatment prior to soaking might not have in-
activated completely the endogenous phytase activity in the beans . 
The enzyme phytase has pH optimum of 5-5.5 (Long, 1961), which was 
close to the pH (6.0) of distilled water, while the pH of the salt 
solutions was 7.2 . The salts might have inhibited the enzyme ac-
tivity to a certain extent . All these might have contributed to the 
reduction of phytate-P in the processed beans along with the diffusion 
during soaking treatments. A reduction in phytate-P in the processed 
beans might improve the mineral bioavailability. 
Oligosaccharides 
Oligosaccharides contents in the processed beans and their losses 
on processing are embodied in Tables 3, 4, and 5 for great northern, 
kidney, and pinto beans, respectively . Leaching losses in different 
soaking solutions, including distilled water, were nearly the same for 
all the oligosaccharides in all the beans studied with the exception 
of kidney beans. Raffinose loss was significantly greater in distilled 
water-soaked kidney beans compared to salt soaked kidney beans . 
Table 2. Effects of soaking and cooking on phytatea concentrations in great northern, kidney, and pinto 
beans 
Pinto 
Treatment Phytatea % Hydrolysis 
Control (dry beans) 5. 5 ± 0. 21 
Soaking b 2. 6** ± 0. 41 52 .7 
Soakingc 4. 4** ± 0. 08 18. 2 
Soakingc + cooking 4. 1** ± 0. 51 25 . 5 
Soakingb + cooking 2. 1** ± 0. 19 61.8 
LSD 0. 05* 0.59 
0.01** 0. 84 
Great northern 
Phytatea 
4. 6 ± 
1.4** ± 
4. 2 ± 
4. 0* ± 










69 . 6 
8. 7 
13 . 04 
76 . 1 
Kidne~ 
Phytatea 
5. 8 ± 0. 60 
2,8** ± 0. 10 
4. 5** ± 0. 05 
4. 0** ± 0. 38 
2. 5** ± o. 11 
0.38 
0.54 
*Significant at 5 percent level . 
**Significant at 1 percent level . 




22 . 4 
31. 3 
56 . 8 
Soaking (18 hours) in distilled water at room temperature (22°C). 
cSoaking in a combinati on of salt solutions (2 . 5 percent sodium chloride+ 1. 5 percen t sodium bicarbonat e , 
0. 5 percent sodi um carbonate+ 0. 5 percen t sodium carbona t e + 1.0 percen t sodium tri polyphosphate for 
18 hours at room temperature (22 °C) , pH 7.0. 









g/100 g % 
Beansa Loss 









1.42** ± 0.1 6 29.7 0.34* ± 0.11 39 . 3 1. 65** ± 0.1 3 31.3 
1.38** ± 0.1 9 31.7 0. 26** ± 0.07 53 .6 1.70** ± 0.12 29 . 2 
Conventional cooking 
(90 minutes) 1. 32 ± 0. 29 34.7 0. 13** ± 0.03 76 . 8 0. 75** ± 0. 03 68 . 8 
Soakingc + cooking 





*Significant at 5 percent level . 
**Significant at 1 percent level . 






g/100 g % 
Beansa Loss 
d N.D . 
d N. D. 
d N.D . 
d N. D. 
d N.D. 
bSoaking in distilled water for 18 hours at 22 °C. 
cSoaking in a solution of sodium chloride (2.5 pe rcent) +sodium tripolyphosphate (leO percent) + 
dsodium bicarbonate (1.5 percent) +sodium carbonate (0.5 percent) for 18 hours at 22°C. 
N. D. = Not detectable. 
Table 4. Effects of soaking and cooking on oligosaccharides in kidney beans 
Sucrose Raffinose Stach~ose Verbascose 
Treatment g/100 g % g/100 ~ % g/100 g % g/100 g % 
Beans a Beans Beans a Beans a 
Control (dry beans ) l. 92 ± 0. 42 0. 93 ± 0. 32 2. 44 ± 0. 18 0. 06 ± 0. 03 
Soakingb l. 60 ± 0. 38 16 .7 0. 24** ± 0. 03 74 . 2 1. 44** ± 0. 03 40 . 9 N. D. d 
Soakingc 1. 34* ± 0. 07 30 . 2 0. 53** ± 0. 04 43 . 4 1. 57** ± 0. 31 35 . 6 N. D. d 
Conventional cooking d (90 minutes) l . 06** ± 0.12 46 . 3 0. 10** ± 0. 06 89.2 0.92** ± 0.18 62 . 3 N. D. 






*Significant at 5 percent level . 
**Significant at 1 percent level . 





Soaking in distilled water, 18 hours at 22°C . 
cSoaking in a solution of sodi um chlo ri de (2.5 pe r cent) + sod i um tripolyphosphate (1. 0 percent ) + sodi um 
dbicarbonate (1. 5 percent ) +sodium carbonate (0. 5 percent ) , fo r 18 hours at 22 °C. 
N.D . =Not detectable . 
Table 5. Effects of soaking and cooking on oligosaccharides in pinto beans 
Sucrose Raffinose Stachiose Verbascose 
Treatment g/100 g % g/100 g % g/100 g % g/100 g % 
Beans a Loss Beans a Loss Beans a Loss Beans a Loss 
Control (dry beans) 2. 19 ± 0. 43 0.63 ± 0. 17 2. 95 ± 0. 31 N. D. d 
Soakingb 1. 82 ± 0. 05 16.9 0. 47 ± 0. 09 25 . 4 1.75** ± 0. 04 40 . 6 N. D. d 
Soaking c 1.88 ± 0. 06 14 . 2 0.44 ± 0. 07 30 .1 1. 81 ** ± 0.16 38 . 6 N.D . d 
Conventional cooking d (90 minutes ) 1. 22** ± 0. 04 44 .3 0. 07** ± 0. 01 88.9 0.64** ± 0.02 78.3 N. D. 






*Significant at 5 percent level . 
**Significant at 1 percent level . 





Soaking in distilled water for 18 hours at 22 °C. 
cSoaking in a solution of sodium chloride (2 . 5 percent ) +sodium tripolyphosphate (1 . 0 percent) +sodium 
dbicarbonate (1.5 percent) +sodium carbonate (0.5 percent ) for 18 hours at 22°C . 
N. D. = Not detectable . 
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Conventional processing caused greater removal of oligosaccharides 
over the quick-cooking process . This may be due to the longer dura-
tion of cooking in the case of the former over the latter . In all 
the beans analyzed, raffinose leached out maximally, as compared to 
sucrose, verbascose, and stachyose. Verbascose was detected in 
traces in raw kidney beans, but not in soaked and cooked beans or 
soak solution . Stachyose content was maximum in all the samples 
followed by sucrose and raffinose. Therefore, stachyose is the major 
contributor to flatulence in these beans. Quick-cooking cooked great 
northern, kidney, and pinto beans had 43 percent, 54 .8 percent, and 
64.4 percent reduction in raffinose + stachyose over the raw counter-
parts, respectively . 
Trypsin and chymotrypsin inhibitors 
Tables 6, 7, and 8 contain trypsin and chymotrypsin-inhibiting 
activities per g beans . Soaking + dehydration caused a slight in-
crease in trypsin and chymotrypsin inhibitor activities over soaking . 
This may be due to the removal of certain factors responsible for 
masking them partially in the soaked beans. Dehydration might have 
facilitated the regaining of the native structure through the removal 
of water imbibed in the soaked beans . Cooking proved detrimental for 
inhibitory activities . Quick-cooking cooked (15 minutes) great 
northern, kidney, and pinto beans showed 19.9 percent, 21 . l percent, 
and 19.5 percent residual chymotrypsin inhibiting activities (CTIA), 
respectively. The corresponding figures for trypsin-inhibiting 
activities (TIA) were 12 .3 percent, 11.4 percent, and 7. 9 percent . 
The susceptibility of CTIA and TIA towards heat was different within 
Table 6. Effects of processing on trypsin and chymotrypsin inhibitor activities in great northern beans 
Treatment 
Control (dry beans) 
SoakingC (18 hours) d 
Soakingc + dehydration 
SoakingC + dehydrationd + 
(15 minutes) 









at 5 percent level. 
at 1 percent level . 
Trypsin 
inhibitory _3 acti vitya x 10 
per gm bean 
349 . 9 ± 
338 .7 ± 
346.2 ± 
49.4** ± 
204 . 9** 
196.4** 
183.2** 























i nhi bi tory 
activityb x lo-3 
























87 . 5 
88 . 2 
73 . 3 
*Significant 
**Significant 
~t~ean ± S.D . 
Mean ± S.D. 
one unit. 
One unit of trypsin inhibitor is that which reduces the activity of trypsin by one unit . 
One unit of chymotrypsin inhibitor is that which reduces the activity of chymotrypsin by 
cSoaking in a combination of salt solutions (s odium chloride, 2. 5 percent+ sodium bicarbonate, 
percent+ sodium tripolyphosphate, 1.0 percent+ sodium carbonate, 0.5 percent) at room (22°C) 
temperature for 18 hours, pH 7.0 . 
dDehydration to a final moisture content of 10-12 percent . 
1.5 
Table 7. Effects of processing on trypsin and chymotrypsin inhibitor activities in kidney beans 
Treatment 
Control (dry beans) 
Soakingc (18 hours ) d 
Soakingc + dehydration 
Soakingc + dehydrationd + 
(15 minutes) 










i nhi bi tory 
activitya x 103 
per gm bean 
395. 6 ± 
353 . 9 ± 
324. 5 ± 
45 . 1** ± 
196.9** ± 
143.5** ± 
112. 3** ± 
22.2 
30.9 
20 . l 
7. 8 








100 . 0 
89 . 5 
82 . 0 





i nhi bi sory 3 
activity x 10 
per gm bean 








20 . 8 
7. 3 
11 . 2 
6. 4** 
188.3 ± 10.4 
172 . 4* ± 7.4 







96 . l 





*Significant at 5 percent level . 
**Significant at 1 percent level . 
aMean + S D One unit of trypsin inhibitor is that which reduces the activity of trypsin by one unit . 
bMean ; s : D: One unit of chymotrypsin inhibitor is that which reduces the activity of chymotrypsin by 
one unit . 
cSoaking in a combination of salt solutions (sodium chloride, 2. 5 percent+ sodium bicarbonate, 1. 5 
percent+ sodium tripolyphosphate, 1. 0 percent+ sodium carbonate, 0. 5 percent) at room (22°C) 
dtemperature for 18 hours, pH 7. 0. 
Dehydration to a final moisture content of 10-12 percent . 
Table 8. Effects of processing on trypsin and chymotrypsin inhibitor activities in pinto beans 
Treatment 
Control (dry beans ) 
Soakingc (18 hours) d 
Soakingc + dehydration 
Soakingc + dehydrationd + 
(15 minutes) 










i nhi bi tory 
acti vitya x 103 
per gm bean 
344. 5 ± 











30 . 1 
24 . 3 








100 . 0 








activityb x 103 
per gm bean 











± 23 .7 







100 . 0 
84 .6 
79 . 9 




*Significant at 5 percent level . 
**Significant at 1 percent level . 
~1"1ean ± S. D. One unit of trypsin inhibitor is that which reduces the activity of trypsin by one unit. 
Mean± S.D. One unit of chymotrypsin inhibitor is that which reduces the activity of chymotrypsin by 
one unit. 
cSoaking in a combination of salt solutions (sodium chloride, 2.5 percent+ sodium bicarbonate, 1. 5 
percent+ sodium tripolyphosphate, 1. 0 percent+ sodium carbonate, 0.5 percent ) at room (22°C) 
dtemperature for 18 hours, pH 7.0. 
Dehydration to a final moisture content of 10-12 percent . 
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and between the bean samples . Destruction of TIA and CTIA by moist 
heat may be attributed to hydration of these inhibitors which changes 
their secondary and tertiary structures, making them susceptible to 
denaturation. The destruction of these inhibitors may be responsible, 
in part, for the increased susceptibility of bean proteins to enzymatic 
hydrolysis observed in the present study. Liener (1976) attributed 
40 percent of improvement in navy bean protein utilization to the 
destruction of these inhibitors . 
Gamma irradiation affected TIA more than CTIA in all the beans 
studied. Increased doses of gamma-irradiation did not cause any sig-
nificant reduction in TIA and CTIA . Destruction of TIA and CTIA by 
irradiation paralleled that by moist heat in all the beans . Lesser 
reduction in TIA and CTIA by irradiation than by moist heat may be 
due to the complexity of reactions associated with irradiation-
induced changes in proteins . Similar results were reported by Nene 
et al . (1975) in red gram (Cajanus cajan). 
In vi tro Digestibility 
Susceptibility of raw and processed bean proteins towards se-
quential enzymatic hydrolysis was studied by: (a) trinitrobenzene 
sulfonic acid (TNBS) assay which determines release of alpha-amino 
groups, and (b) electrophoresis on PAMU-PAGE (phenol-acetic acid-
mercaptoethanolurea polyacrylamide gel electrophoresis) system. The 
results of (a) and (b) are shown in Table 9 and Figure 16, respectively . 
As shown in Table 9, great northern beans showed a higher percent of 
peptide hydrolysis than kidney and pinto beans . Quick-cooking cooked 
great northern, kidney, and pinto bean proteins showed 87 . 5 percent, 
Table 9. Effects of quick-cooking processes on in vitro susceptibility to enzymatica hydrolysis, 
measured by the trinitrobenzene sulfonic acid (TNBS) method in great northern, kidney, and 
pinto beans 
Great northern Kidne,i Pinto 
Treatment % Peptide % Increase % Peptide % Increase % Peptide % Increase bond in bond in bond in 
















0.30 862 .7 
2.91 ± 
7.74** ± 














*Significant at 5 percent level. 
**Significant at 1 percent level . 
~Sequential enzymatic hydrolysis by pepsin followed by trypsin+ chymotrypsin on bean protein . 




Figure 16. Electrophoretic patterns of the enzyme (pepsin followed 
by trypsin and chymotrypsin) digests of processed great 
northern, kidney, and pinto beans . 
Great northern beans: 
0 hr. 8 hr . 













Contro 1 (dry beans). 
Conventionally cooked beans (90 minutes). 
Quick-cooking cooked beans (15 minutes) . 
Control (dry beans) . 
Conventionally cooked beans (90 minutes) . 
Quick-cooking cooked beans (15 minutes). 
Control (dry beans) 
Conventionally cooked beans (90 minutes) . 
Quick-cooking cooked beans (15 minutes). 
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51.7 percent, and 41 . 3 percent increases in peptide hydrolysis over 
conventionally cooked beans . 
Electrophoretic patterns were evaluated on the basis of the 
presence or absence of protein bands as compared to the respective 
control 1 s pattern . The disappearance of a band in a processed bean 
protein sample compared to the corresponding band of the respective 
control was considered as the hydrolysis of that protein subunit . 
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In all the samples, quick-cooking cooked beans showed greater sus-
ceptibility towards enzymatic hydrolysis than the conventionally 
cooked beans . This clearly indicates that quick-cooking cooked beans 
were superior to conventionally cooked beans in in vitro digestibility 
which may result in improved protein utilization. Rockland et al. 
(1974) found that quick-cooking cooked lima and pinto beans had 
greater protein efficiency ratios than the corresponding conventionally 
cooked beans . Our results of in vitro digestibility by both TNBS 
assay and electrophoresis concur . Electrophoretic patterns as judged 
by the number of protein bands show that pinto bean proteins were 
more resistant to enzymatic hydrolysis than kidney and great northern 
beans . The TNBS assay supports this observation. The differences in 
susceptibility of proteins in different beans may be due to other 
bean components reacting with the proteins. Romero and Ryan (1978) 
have shown that tannins affect in vitro digestibility of bean pro-
teins. In the present study, great northern (white) beans showed 
better susceptibility to enzymatic hydrolysis as compared to kidney 
and pinto (colored) beans . This might be due to the interaction of 
the polyphenolics with proteins in the latter, rendering them less 
susceptible to enzymatic hydrolysis . Phenolic contents of the beans 
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are shown in Table 10 . Similar effects of protein-tannin interactions 
on electrophoretic patte rns of sorghum proteins were found by Chavan 
et al . (1979). 
Color of Processed Beans 
Color of the processed beans was evaluated in terms of L, a, and 
b values (Tables 11, 12, and 13). Decreasing L values represent 
a darkening effect while increasing a values were interpreted as in-
creasing redness, and decreasing b values indicate a decrease in 
yellowness or an increasing grayness. Sodium bicarbonate in a soak 
solution resulted in maximum darkening and reddening in kidney and 
pinto beans . From the trends of L, a, b, and a/b values in Tables 
11, 12, and 13, it appears that the changes in color were functions 
of pH of soak solution, salt concentration, and type of salt . 
Sensory Evaluation 
The results of sensory evaluation (Table 14) of quick-cooking 
cooked and conventionally cooked beans indicated that great northern 
beans were more acceptable than kidney and pinto beans, with an over-
all score of 7. 6 on a Hedonic scale . Quick-cooking cooked kidney and 
pinto beans scored lower than their conventionally cooked counter-
parts . 
Table 10. Effects of processing on phenolicsa content in great northern, kidney, and pinto beans 
Treatment Great northern Kidne.l Pinto mg/g Bean % Decrease mg/g Bean % Decrease mg/g Bean % Decrease 
Control (dry beans) 0. 88 ± 0. 10 6. 08 ± 0.65 14.56 ± l. 15 
Soakingb 0. 47** ± 0. 08 46 .6 3.33** ± 0.49 45 .2 5.88** ± 0.96 59.6 
Soakingc 0.30** ± 0.01 65.9 l . 95** ± 0. ll 67 .9 1. 65** ± 0. 20 88 .4 
Conventional cooking d (90 minutes) N.D . 0. 25** ± 0. 01 95 .8 3. 1 0** ± 0.80 78 . 7 
SoakingC + cooking 










*Significant at 5 percent level. 
**Significant at 1 percent level. 
~Mean ± S. D. Phenolics content expressed as phloroglucinol equivalents, on moisture-free basis . 
Soaking in distilled water for 18 hours at 22 °C. 
cSoaking in combination of sodium chloride (2.5 percent ) +sodium tripolyphosphate (1.0 percent) + 
dsodium bicarbonate (1 . 5 percent) +sodium carbonate (0.5 percent) for 18 hours at 22 °C. 
N.D . = Not detectable . 
Ul 
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Table 11. Hunter Color and Color Difference Meter values of processed great northern beans 
Treatment 
Soaking, 18 hr., 22°C 
Control (dry beans) 
Distilled water 
Sodium tripolyphosphate, 1.0% 
Sodium chloride, 2. 5% 
Sodium bicarbonate, 1. 5% 
Combinationa 
Combinationa 














I L I 
67 . 4 ± 0. 19 
66 . 9 ± 1.20 
64 . 9** ± 0. 78 
64 . 5** ± 0. 99 
62 .8** ± 0.29 
65 . 6** ± 0. 67 
63.9** ± 0. 87 
61.4** ± 0.27 
60.8** ± 0. 35 
1. 22 
1.67 
Hunter color values 
• a' 
-1.1 ± 0. 05 
-l. 0 ± 0.15 
-0 . 9 ± 0. 20 
-1.2 ± 0. 31 
-1.2 ± 0. 27 
-1.2 ± 0. 21 
-1. 1 ± 0. 19 
-1. 1 ± 0. 18 




11.2 ± 0. 21 
11.4 ± 0. 32 
12 . 9** ± 0.45 
11.8 ± 0.35 
14.2** ± 0.66 
13.2** ± 0.85 
13.9** ± 0.47 
14 . 9 ± 0. 98 











-0 . 07 
-0.08 
*Significant at 5 percent level . 
**Significant at 1 percent level . 
acombination: Sodium chloride (2.5 percent)+ sodium tripolyphosphate (1.0 percent)+ sodium bicarbonate 
(1.5 percent) +sodium carbonate (0.5 percent) . 
Table 12. Hunter Color and Color Difference 1·1eter values of processed kidney beans 
Treatment 
Soaking, 18 hr., 22°C 
Control (dry beans) 
Distilled water 
Sodium tripolyphosphate, 1. 0% 
Sodium chloride, 2.5% 
Sodium bicarbonate, 1,5% 
Combinationa 
Combinationa 














I L I 
28. 0 ± 0. 98 
27 . 5 ± 1. 08 
26 . 4 ± 0.70 
26 .8 ± 1. 28 
24 .7** ± 0. 98 
25.9* ± 0.75 
25.6** ± 0.96 
23. 9** ± l. 05 
23.0** ± 0. 85 
1. 67 
2.29 
Hunter color values 
I a I 
14.7 ± 1. 08 
12,5** ± 1. 30 
13.9 ± 0. 96 
11.5** ± 0. 95 
15 . 9 ± 0. 40 
13.4 ± 0. 67 
13.2 ± 0. 81 
16.0 ± 0.97 
16.4** ± 0.67 
l. 55 
2.12 
I b I 
7.7 ± 0.75 
9.1 ± L60 
9.7** ± 0.82 
9. 0 ± 1.23 
8.0 ± l. 04 
8. 8 ± 0. 98 
8.7 ± 0.82 
7.8 ± 0.59 
7.7 ± 0.66 
l. 45 
l. 99 










*Significant at 5 percent level . 
**Significant at 1 percent level. 
aCombination: Sodium chloride (2 .5 percent)+ sodium tripo1yphosphate (1 . 0 percent) +sodium bicarbonate 
(1.5 percent) +sodium carbonate (0.5 percent). 
Table 13 . Hunter Color and Color Difference Meter values of processed pinto beans 
Treatment 
Soaking, 18 hr . , 22°C 
Control (dry beans) 
Distilled water 
Sodium tripolyphosphate, 1.0% 
Sodium chloride, 2.5% 
Sodium bicarbonate, 1.5% 
Combinationa 
Combinationa 












I L I 
44.3 ± 0.40 
41 . 6** ± 0.85 
37.2** ± 0.74 
36.5** ± 0. 45 
34.9** ± 0.46 
37 .8** ± 0. 81 
36.2** ± 0.90 
32.9** ± 0.75 
31. 5** ± 1. 07 
Hunter color values 
I a I 
4. 5 ± 0.82 
5.9 ± 0. 89 
7.6** ± 0.53 
7.0** ± 0.78 
8.7** ± 0.85 
6.7** ± 0. 71 
5.5 ± 1. 05 
8.3** ± 0.62 
7. 5 ± 0.79 
I b I 
12.3 ± 0. 66 
11.5 ± 0. 72 
10. 8* ± 0.75 
10.6* ± 0. 55 
l 0. 2** ± 0.95 
11. 5 ± 0.82 
10. 4** ± 1. 05 
7.4 ± 0.75 
7. 3** ± 0.75 



















*Significant at 5 percent level . 
**Significant at 1 percent level. 
aCombination: Sodium chloride (2.5 percent) +sodium tripolyphosphate (1 . 0 percent)+ sodium bicarbonate (1 , 5 
percen~+ sodium carbonate (0 . 5 percent). 
U1 
0'\ 
Figure 17 . Processed great northern, kidney, and pinto beans . 
Great northern beans: 
a. Control (dry beans) . 
b. Quick-cooking beans. 
c. Quick-cooking irradiated beans. 
Kidney beans: 
d. Control (dry beans) . 
e . Quick-cooking beans . 
f. Quick-cooking irradiated beans . 
Pinto beans: 
g. Control (dry beans) . 
h. Quick-cooking beans. 
i. Quick-cooking irradiated beans . 
i 

Table 14. Organoleptic evaluationa of conventionally cooked and quick-cooking cooked great northern, 
kidney, and pinto beans 
Great northern Kidne~ Pinto 
Quality attribute Conventional Quick Conventiona l Quick Conventional Quick 
cooking cooking cooking cooki ng cooking cooki ng 
Overa 11 appearance 7.8 7.4 7. 1 6.3 6.6 7.0 
Color 7.3 7. 4 7.7 6.4 6. 2 7.3 
Fl avo r 7.4 7.0 7. 6 7.2 6.5 6. 1 
Texture 7. 1 7.7 6. 9 6. 4 6. 9 6.7 
Overall sco re 7. 1 7. 5 7. 2 6.4 6. 8 6. 2 




SUMMARY AND CONC LUS IONS 
Great northern, kidney , and pinto beans (PhaseoZus vuZgaris L. ) 
were subjected t o several physico-chemical t reatments to reduce their 
cooking times . Soaking in combinati ons of salt soluti ons (2. 5 percent 
sodium chloride, l o5 percent sodium bicarbonate, l aO percent sodium 
tripolyphosphate, and 0.5 percent sodium carbonate) resulted in 80-85 
percent reduction in cooking time. Irradiat i on (gamma rays) at 500 
Krads caused nea rly 50 percent reduction i n cook i ng time over quick-
cooking beans . 
Organolept i c evaluation of bean samples i ndicated that quick-
cooking cooked great northern be ans were more acceptable than kidney 
and pinto beans . Beans soaked in distil l ed water had lower phytate-P 
contents than those soaked in salt so l utions . Conventional processing 
of beans caused greater removal of ol i gosaccharides than the quick-
cooking process . Stachyose was found to be the major contributor to 
flatulence in al l the beans investigated . 
Residual chymotrypsin-inhi biti ng act i vi ties (CTIA) i n quick -
cooking cooked grea t northern, ki dney, and pi nt o beans we re 19 . 9, 
21 . l, and 19 . 5 pe rcent, respectively, wh i le the corresponding figures 
for trypsin-inh i biting activiti es (TI A) we re 12. 3, 11. 4, and 7. 9 
percent . Gamma irradiation was more effecti ve i n reducing TIA than 
CTIA and paralle led destructi on of TIA and CTIA by moist heat . 
Maximum loss of proteins (14,6 pe rcent) was observed in conven-
tionally processed kidney beans amongst al l the samples . I n vitro 
digestibility of quick-cooking cooked beans was more than conventionally 
60 
cooked counterparts , Great northern bean proteins had the highest i n 
vitro digestibility , Phenolic contents were inversely related to in 
vitro digestibility . 
In conclusion, soaki ng in combinations of salt solutions reduced 
cooking time of beans and hence it may result in substantial energy 
savings. Quick-cooking cooked great northern beans were more accept-
able than kidney and pinto beans , The quick-cooking process increased 
in vitro digestibility of bean proteins. 
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Table 15 . Rf values of the in dividual oligosaccharides in great 
northern, kidney, and pinto beans 






0. 719 ± 0.08 
0. 346 ± 0. 06 
0.177 ± 0. 03 
0, 101 ± 0.02 
0. 71 0 ± 0. 04 
0,350 ± 0.04 
0. 181 ± 0. 03 
0.700 ± 0. 03 
0.351 ± 0.04 
0. 176 ± 0.02 
0. 721 ± 0. 05 
0. 358 ± 0. 02 
0. 175 ± 0.02 
Chromatography conditions: 
Solvent sys tem: n-Butanol:acet ic acid:wate r ::4:1:5, top layer 
Run : Descending, 80 hours, 24 °C 
Carrier : Whatman 0,3 mm chromatography paper. 
Table 16. Ana lysis of variance for protein content in processed 
great northern beans 
Source DF ss MS F 
Treatments 4 143. 71 35 . 93 1.77 
Error 10 202 . 52 20 . 25 
Total 14 346.23 24.73 
Tab 1 e 17. Analys is of variance for protein content in processed 
kidney beans 
Source DF ss MS F 
Treatments 4 246 . 99 61 . 75 5.50* 
Error 10 112. 22 11 . 22 
Total 14 359 . 21 25.66 
*Significant at 5 percent 1 eve 1. 
Table 18. Analysis of variance for protein content in processed 
pinto beans 
Source DF ss t~S F 
Treatments 4 200.05 50.01 l. 96 
Error 10 255.08 25.51 
Total 14 455.13 32.51 
Table 19 . Analys is of varian ce for effects of soaking and cooking 




















Table 20. Analysis of variance for effects of soaking and cooking 





















Table 21. Analysis of variance for effects of soaking and cooking 

















**Significant at 1 percent level. 
Table 22 . Analys is of variance for effects of soaking 
sucrose co11tent in great northern beans 
Source OF ss MS 
Treatments 4 0. 44 0.11 
Error 10 0. 35 0. 04 
Total 14 0.80 0. 06 
Table 23 . Analys is of variance for effects of soaking 
raffinose content in great northern beans 
Source OF ss MS 
Treatments 4 0. 11 0. 03 
Error 10 o. 12 0.01 
Total 14 0. 23 0. 02 
F 
18. 1 ** 
and cooking on 
F 
3. 14 





Table 24. Analysis of variance for effects of soaking and cooking on 
stachyose content in great northern beans 
Source OF ss MS F 
Treatments 4 1. 39 0.35 15 . 3** 
Error 10 0.23 0.03 
Total 14 1. 62 0.12 
**Significant at 1 percent level. 
Table 25. Analysis of variance for effects of soaking and cooking on 
sucrose content in kidney beans 
Source OF ss r~s F 
Treatments 4 0.58 0.15 1. 68 
Error 10 0.86 0.09 
Total 14 1. 44 0.10 
Table 26. Analysis of variance for effects of soaking and cooking on 
raffinose content in kidney beans 
Source OF ss MS F 
Treatments 4 0.46 0. 11 3.24 
Error 10 0.36 0.04 
Total 14 0.82 0.06 
Table 27 . Analysis of variance for effects of soaking and cooking on 




















Table 28. Analysis of variance for effects of soaking and cooking on 





















Table 29 . Analysis of variance for the effects of soaking and cooking 
on raffinose content in pinto beans 
Source OF ss MS F 
Treatments 4 0.18 0.05 4. 56* 
Error 10 0. 10 0. 01 
Total 14 0.28 0.02 
*Significant at 5 percent level. 
Table 30. Analysis of variance for effects of soaking and cooking on 



















36 . 84** 
Table 31. Analysis of variance for effects of processing on trypsin 
and chymotrypsin inhibitor activities in great northern 
beans 
Source OF ss MS F TIAa CTIA6 TIAa CTIA6 TIAa CTIA6 
72 
Treatments 6 12627 . 9 19320.0 2104.6 3220.0 9.6** 13.5** 
Error 14 3070. 5 3340.4 219.3 238.6 
Total 20 15698. 4 22660.5 784.9 1133.0 
**Significant at 1 percent level . 
ariA = Trypsin inhibitor activity. 
bcTIA = Chymotrypsin inhibitor activity. 
Table 32. Analysis of variance for effects of processing on trypsin 
and chymotrypsin inhibitor activities in kidney beans 
Source OF ss MS F 
TIAa CTIAb TIAa CTIAb TIAa CTIAb 
73 
Treatments 6 108115.5 18034.2 18019 . 2 3005.7 111.3** 21 . 32** 
Error 14 2266.6 1973.7 161.9 141.0 
Total 20 110382 . 1 20007 . 9 5519. 1 1000.4 
**Significant at 1 percent level . 
~TIA = Trypsin inhibitor activity. 
CTIA = Chymotrypsin inhibitor activity. 
Table 33. Analysis of variance for effects of processing on trypsin 
and chymotrypsin inhibitor activities in pinto beans 
Source OF ss MS F TIAa CTIA6 TIAa CTIAb nAa CTIA6 
Treatments 6 125917 . 2 25481.4 20986.2 4246.9 47.35** 14. 7** 
Error 14 6205 . 0 4033.4 443.2 288.1 
Total 20 132122 . 3 29514 . 8 6606.1 1475.7 
**Significant at 1 percent level . 
~TIA = Trypsin inhibitor activity. 
CTIA = Chymotrypsin inhibitor activity. 
Table 34 . Analysis of variance fo r effects of processing on i n vi tro 













67 . 18 







Table 35 . Analysis of variance for effects of processing on in vitro 










39 . 62 
0. 80 
40 . 41 







Table 36. Analysis of variance for effects of processing on i n vitro 










34 . 02 
1.10 
35 . 12 






92 . 45** 
74 
75 
Table 37. Analysis of variance for effects of processing on 
phenolics content in great northern beans 
Source OF ss MS F 
Treatments 4 0.54 0.140 41.0** 
Error 10 0.03 0.0030 
Total 14 0.57 0.04 
**Significant at 1 percent level . 
Table 38. Analysis of variance for effects of processing on 
phenolics content in kidney beans 
Source OF ss MS F 
Treatments 4 19 . 42 4.85 34 . 9** 
Error 10 1. 39 0.14 
Total 14 20.81 1. 49 
**Significant at 1 percent level. 
Table 39. Analysis of variance for effects of processing on 
phenolics content in pinto beans 
Source OF ss MS F 
Treatments 4 121.05 30.26 51. 1** 
Error 10 5. 92 0.59 
Total 14 126.97 9.07 
**Significant at 1 percent level . 
76 
Table 40. Analysis of variance for Hunter color value "L" of 
processed great northern beans 
Source OF ss MS F 
Treatments 8 41.50 5.19 10.26** 
Error 18 9.10 0.51 
Total 26 50.60 1. 95 
**Significant at 1 percent level. 
Table 41. Analysis of variance for Hunter color value "a" of 
processed great northern beans 
Source OF ss MS F 
Treatments 8 0.10 0. 01 0.29 
Error 18 0.75 0.04 
Total 26 0.85 0.03 
Table 42 . Analysis of variance for Hunter color value 11 b" of 
processed great northern beans 
Source OF ss MS F 
Treatments 8 19.42 2.43 7.20** 
Error 18 6.06 0.37 
Total 26 25.48 0.98 
**Significant at 1 percent level. 
Table 43. Analysis of variance for Hunter color value 11 L11 of 









*Significant at 5 percent level. 









for Hunter color value 11 a11 of 
processed kidney beans 
Source DF ss MS 
Treatment 8 23.12 2.89 
Error 18 15. 10 0.84 
Total 26 38.21 1. 47 
*Significant at 5 percent level. 
Table 45 . Analysis of variance for Hunter color value 11 b11 of 
processed kidney beans 
Source DF ss MS 
Treatment 8 4.20 0.53. 
Error 18 17.61 0.98 









Table 46. Analysis of variance for Hunter color value 11 L11 of 
processed pinto beans 
Source OF ss MS F 
Treatments 8 127.49 15.94 28.59** 
Error 18 10.04 0.56 
Total 26 137.52 5.29 
**Significant at 1 percent level. 
Table 47. Analysis of variance for Hunter color value 11 a11 of 
processed pinto beans 
Source OF ss MS F 
Treatments 8 14.80 1. 85 2.93* 
Error 18 11.38 0.63 
Total 26 26.19 1. 00 
*Significant at 5 percent level. 
Table 48. Analysis of variance for Hunter color value 11 b11 of 
processed pinto beans 
Source OF ss MS F 
Treatments 8 24.60 3.07 4. 92* 
Error 18 11 . 24 0.63 
Total 26 35 . 84 1. 38 
*Significant at 5 percent level . 
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